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Abstract: The aim of this study was to determine the thermal stability and shelf life of the extract together with the influence 
of extract concentration, temperature and pH variation of the acidic medium on the inhibition efficiency using 1.0 M Sodium 
hydroxide. The dried plant samples were ground, sieved using 0.25µm and then extracted with methanol using maceration 
method. The phytochemical constituents were analyzed using appropriate methods. The phytochemicals detected were: 
Alkaloid, saponin, flavnoid, tannin, terpenoid, steroid and cardiac glycoside. Weight loss experiment was performed to 
ascertain the stability and shelf life of the extract at different storage temperature and time respectively while polarization 
experiment was used to study the behaviour of the extract on mild steel corrosion at varying concentration of the extract, pH 
and temperature of the acidic media. It was found that the stability of the extract inhibition efficiency was affected by the mode 
of storage and the inhibition efficiency decreases with increase in storage temperature of the extract. The life span of the 
extract was found to be 60 days from its production stage, after this, there was reduction in the inhibition efficiency of the 
extract. Moreso, the corrosion rate of the mild steel in 1.0 M HCl, monitored by electrochemical measurement revealed that the 
corrosion rate decreases with increase in the pH, decrease in temperature and increase in concentration of the extract in the 
acidic solution. 
Keywords: Phytochemicals, Storage Temperature, Shelf Life, Solution pH 
 
1. Introduction 
The major problem faced by the industries is the corrosion 
of metals and alloys particularly in acidic media. During 
metal pickling, cleaning, descaling and etching using 
hydrochloric acid, the acid however contributes to the 
corrosion of metal surface. A huge amount of money is 
wasted each year as a result of metallic corrosion which 
cumulates to an estimated loss of 276 billion USD or 
equivalent to 3.1 percent of the United States GDP [1]. It is 
estimated that with proper corrosion prevention technologies, 
about 25 to 30% of this loss could be avoided [1]. One of the 
best methods to reduce the rate of metallic corrosion is by the 
addition of inhibitors; even small concentrations can result in 
the decrease of the corrosion rate of the metal surface [2-8]. 
Several conditions must be fulfilled for the selection of a 
suitable inhibitor; (a) the cost and amount of the inhibitors, 
(b) long term toxicological effects on the environment and 
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living species, (c) the inhibitor’s availability and stability in 
the environment. It has been found that different organic 
compounds could be used as effective corrosion inhibitors 
during acid pickling process [9-11]. Literature survey reveals 
that organic compounds containing heteroatoms with high 
electron density such as phosphorus, nitrogen, sulfur, oxygen, 
with double or triple bonds in their structures are effective 
corrosion inhibitors due to their high tendency for adsorption 
on the metal solution interface [11-14], and the adsorption 
may take place by the possible four types: (a) due to 
electrostatic attraction between the charged molecules of 
inhibitors and charged metal surface (b) interaction of 
unshared electron pairs of the molecules with the metal 
surface (c) interaction of the presence of conjugated bonds (π 
electron) in the compound with metal (d) adsorption may 
occur by the combination of (a) and (c) [15], as a result of 
adsorption and blocking the active surface sites, thus 
reducing the corrosion rate by: (a) slowing the anodic and/or 
cathodic reaction (b) slowing the diffusion of aggressive 
species to the metal surface and (c) decreasing the electrical 
resistance of the metal surface.  
It has been confirmed that the compounds having both 
nitrogen and sulfur in their molecular structure have excellent 
corrosion inhibition ability compared to those containing 
only nitrogen or sulphur, moreover sulfur containing 
compounds have generally stronger corrosion inhibition 
ability compared to nitrogen containing compounds [16-21]. 
Also the quantum chemical calculation analysis proves that 
enhancement of electron donor ability causes higher 
corrosion inhibition efficiency as a result of the presence of 
sulfur compounds [21]. It has been reported that the 
adsorption properties of organic inhibitors mainly depend on 
some physicochemical properties of the molecules; the 
functional groups, possible steric effects, electronic density 
of donor atoms and the possible interaction of p-orbitals of 
the inhibitor with d-orbitals of the surface atoms, establish a 
degree of adsorption of organic inhibitor molecules on the 
solid surface and results into a barrier film for corrosion 
protection [22].  
Literature study reveals a significant relationship between 
adsorption of organic compounds and corrosion inhibition 
process, as corrosion inhibition is a well-known surface 
phenomenon and adsorption is a function of degree of 
protection of the metal surface [23, 26]. These organic 
compounds have been used as corrosion inhibitors in the 
petroleum industry since 1950s and in the concrete industry 
from the early 1990s [27]. The toxic nature of synthetic 
corrosion inhibitors has led to the search for their 
replacement using plant based corrosion inhibitors. In spite 
of the fact that a lot of plant materials have been investigated 
for corrosion inhibition and most of them have proven to 
have high corrosion inhibition efficiency, however, the 
investigation has been limited to the laboratory. Further, the 
mechanism of the reaction process and the characterization of 
the active constituents in the extract which are responsible 
for the corrosion inhibition still remains a mystery. 
The plant leaf selected for this research work is air dried 
Alchonea laxiflora leaves. The literature studies on the plant 
revealed that they have high phytochemical constituents [28-
30]. Furthermore, it has also been established that plants with 
high phytochemicals are good corrosion inhibitors and most 
of these materials are inexpensive, readily available, 
ecologically friendly and poses no threat to the environment 
[31-33]. Meanwhile the mode of drying and the effect of 
solvents used in extracting the leaf have been established in 
our previous research [34]. From our findings, it was 
established that the air dried portion of the leaf extracted with 
methanol has the highest inhibition efficiency. However, the 
thermal stability, shelf life and electrochemical measurement 
of methanol extract of the leaf for corrosion control is yet to 
be established. Thus, this research is designed to address this 
information gap. 
2. Materials and Experimental Methods 
2.1. Materials 
The mild steel employed for this study was procured and 
the chemical composition was determined at University of 
Strathclyde, Glasgow, United Kingdom. The sheets were 
mechanically pressed cut to coupon of dimension 2.5 × 2.5 × 
0.4 cm. A small hole of about 5 mm diameter near the upper 
edge of the coupons was made and the coupons were 
suspended into the corrosive medium with the aid of glass 
hooks. The mild steel was polished with different grades of 
emery paper placed on struer polishing machine, washed 
with distilled water, dried under nitrogen gas and stored in 
moisture free desiccators prior to use [35-37]. The aggressive 
acidic solution of 1.0 M HCl was prepared by dilution of 
concentrated HCl with distilled water and all experiments 
were carried out in unstirred solutions and weighing was 
made using analytical weighing balance (Metler Toledo 
PB153). Other materials and equipment used include 
Alchornea laxiflora leaves, weighing balance, rotary 
evaporator, distilled water, beaker, measuring cylinder, paper 
tape and 1.0M NaOH. 
2.2. Preparation of Plant Sample 
Alchornea laxiflora leaves were obtained in the vicinity of 
Federal Polytechnic Ado, Ekiti State, Nigeria and were 
authenticated at the Department of Biology, College of 
Education, Ikere, Ekiti State, Nigeria. The fresh samples 
were washed and air-dried for one month. All dried plant 
materials were ground to powder and sieved to obtain fine 
particles. 20 g of the sample was soaked with methanol with 
continuous agitation for 72 hours. The filtrates were 
concentrated using rotary evaporator at 60°C. The dried 
extracts were weighed and stored at room temperature. 
2.3. Determination of the Phytochemical Constituents 
Biochemical tests were done to check the presence and the 
quantity of different phytochemicals such as flavnoids, 
steroids, tannin, alkaloids, saponin, anthraquinone, cardiac 
glycosides, phytobalatin and terpenoid in the methanol 
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extract of air dried Alchornea laxiflora leave and this was 
carried out by simple qualitative and quantitative methods 
[38-41]. 
2.4. Thermal Stability 
Ten grams of the leaf sample was introduced into five 
different glass bottles. The samples were stored at different 
temperature of -20°C, 0°C, 20°C, 40°C and 60°C for a period 
of two months before the corrosion inhibition studies was 
carried out using weight loss measurement. 
2.5. Shelf Life 
The shelf life of the methanol extract was evaluated at 
room temperature by comparing the inhibition efficiency of 
the freshly prepared extract with those prepared, stored and 
tested at an interval of thirty days for a period of one hundred 
and fifty days using weight loss measurement. 
2.6. Electrochemical Measurement 
Electrochemical measurement experiment was carried out 
on the methanol extract of air dried Alchornea laxiflora 
leaves by considering different concentration of the extract, 
pH and temperature of the acidic medium. The experiment 
was performed by using a polarization cell of one litter 
capacity. The cell consists of a reference electrode which is 
made up SCE, counter electrode (CE) that is made up of 
platinum electrode and the working electrode (WE) of mild 
steel. To prepare the working electrode, mild steel sample 
was obtained and carefully cut into many cylindrical 
electrodes. One of the working electrodes was polished using 
a struer polishing machine containing an emery paper, and 
obtained a mirror finish sample, washed with distilled water 
and dried under nitrogen gas. 
3. Results and Discussion 
3.1. Phytochemical Screening 
The phytochemical screening test of the methanol extract 
was performed to detect the presence of bioactive components 
and their quantity in the extracts of air dried Alchornea 
laxiflora leaves. The results obtained and published in our 
earlier research are presented in Table 1 [34]. 
Table 1. Qualitative and Quantitative phytochemical screening of air dried 








Alkaloid + 7.91 
Flavnoid +++ 12.51 
Anthraquinone - - 
Tannin +++ 16.07 
Terpenoid ++ 13.23 
Steroid + 5.36 
Saponin +++ 51.05 
Cardiac glycoside ++ 9.75 
Phytobatanin - - 
3.2. Thermal Stability 
The mode of storage of the extract affects its antioxidants 
activity on mild steel in acidic medium. The aim of this part 
of the research was to measure the stability of the extract 
when stored at different temperature values. As observed in 
Figure 1, the inhibition efficiency of the extract was nearly at 
par when it was stored at -20°C and room temperature 
especially at higher concentration of the extract. Above the 
room temperature, the inhibition efficiency of the extract at 
different concentration decreased drastically. This decrease in 
inhibition efficiency of the extract with increase in storage 
temperature could be ascribed to the degradation of the 
phytochemical constituents which are responsible for the 
corrosion inhibition of mild steel in acidic medium. Similar 
findings have been observed by some researchers [42]. 
 
Figure 1. Effects of Storage Temperature on methanol extract of air dried 
Alchornea laxiflora leaves on its Inhibition efficiency.  
Furthermore, due to the loss of the phytochemical 
constituents with increase in temperature, a plot of the weight 
loss of the mild steel against storage temperature (Figure 2) 
in the absence and presence of the extract at different 
concentration revealed that the weight loss of the mild steel 
increases with increase in temperature, although it was much 
more pronounced in the uninhibited solution than the 
inhibited solutions.  
 
Figure 2. Plot of mild steel weight loss against storage temperature at 
different concentrations. 
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3.3. Shelf Life Study 
The result (Figure 3) obtained from the shelf life study at 
different concentrations of the extract revealed that the 
methanol extract considerably sustained its efficiency for a 
period of 60 days, after which a gradual decline was noticed 
between the period of 60 to 150 days. The reduction in the 
inhibition efficiency of the extract after the period of 60 day 
of storage may be attributed to some chemical reaction 
between the constituents which led to the non availability of 
the active groups that are responsible for adsorption on the 
mild steel surface. Due to this, the total surface of the mild 
steel that needs to be covered by extract active groups 
reduced, hence a reduction in the inhibition efficiency was 
observed [43]. 
 
Figure 3. Variation of Methanol extract of Alchornea Laxiflora leaves 
Inhibition efficiency against its shelf life at different Concentrations. 
3.4. Electrochemical Measurement 
3.4.1. pH Variation 
The pH is an important factor for metal corrosion in an 
acidic solution. In general, metals exhibit different corrosion 
behavior in acidic, neutral and alkaline media. The pH value 
of a solution can affect the reaction mechanism and of course 
can be directly involved in the reaction. 
The effect of pH variation of acidic medium on corrosion 
rate of mild steel in the presence of 1.0g of methanol extract 
was performed by using Tafel polarization measurement, 
which consists of the determination of Tafel curves. The 
Tafel plots of mild steel at various pH of the acidic solution 
at fixed concentration of the extracts are summarized in 
Figure 4 while the corrosion parameters obtained are shown 
in Table 2. From the result, it was observed that with the 
increase in pH of the acidic solution from 2 to 14, both the 
anodic and cathodic current densities decreases. Although the 
marked positive shift in the corrosion potentials and the 
decrease in both anodic and cathodic current density with 
increase in pH indicates that the methanol extract acts as a 
mixed inhibitor.  
 
Figure 4. Tafel plot showing effect of pH variation of 1.0M HCl solution in 
the presence of 1.0g of methanol extract of Alchornea laxiflora leaves.
Table 2. Corrosion parameters for mild steel at various pH of the acidic solution at fixed concentration of methanol extract. 
pH Conc. ba bc Icor(A/cm
2) Rp CR(mm/y) Ecor 
2 1g/L 0.334 366.149 4.38E-04 201.6 5.069 -0.652 
4 1g/L 0.219 49.608 1.68 E-04 252.7 1.438 -0.646 
6 1g/L 0.105 7.447 1.05 E-04 331.3 1.229 -0.637 
8 1g/L 0.148 0.186 1.12 4-04 346.8 1.121 -0.631 
10 1g/L 0.091 0.149 7.21 E-05 371.3 1.104 -0.585 
12 1g/L 0.084 0.148 6.37 E-05 665.6 0.763 -0.555 
14 1g/L 0.083 0.118 2.41 E-05 1452 0.279 -0.433 
 
Moreso, a plot of the corrosion rate of the mild steel 
against pH (Figure 5), revealed that the corrosion rate of mild 
steel decreases with increase in pH, and the value decreases 
sharply when the pH values was increased from 2 to 4. At pH 
values of 4 to 10, the difference in the corrosion rate of the 
mild steel was not significant but at pH higher than 10, the 
corrosion rate of the mild steel decreased to the minimal.  
The chemistry of this analysis is complicated, as at pH<4 











At higher pH (i.e>4) the corrosion rate is usually 
controlled by the reduction of O2 (under mass transport 











This is often leads to a relatively constant corrosion rate at 
4<pH<10. At higher pH values there is partial passivation of 
the surface with Fe2O3 and the corrosion rate falls. 
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Figure 5. Plot of Corrosion rate of mild steel against pH variation at fixed concentration of methanol extract of air dried Alchornea laxiflora leaves. 
3.4.2. Temperature Variation 
The potentiodynamic polarization curves for fixed 
concentration of methanol extract of Alchornea laxiflora 
leaves extract in 1.0M HCl at different temperature on mild 
steel are shown in Figure 6. Polarization parameters such as 
corrosion potentials (Ecor), corrosion current potent (Icor), 
anodic Tafel slope (ba), cathodic Tafel slope (bc) and 
polarization resistance at different temperature and fixed 
concentration are listed in Table 3. From the table it was 
observed that the polarization resistance of the mild steel was 
reducing with increase in temperature and the corrosion rate 
was increasing with increase in temperature. The decrease in 
polarization resistance and increase in corrosion rate of the 
mild steel with increase in temperature can be attributed to 
the desorption of the phytochemical constituents of the 
extract from the surface of the mild steel which gave room 
for an increase in the corrosion rate of the mild steel with 
increase in temperature [44]. 
 
Figure 6. Tafel plots of mild steel specimen in 1.0M HCl at different 
temperature and fixed concentration of methanol extract of Alchornea 
laxiflora leaves. 
Table 3. Corrosion parameters for mild steel in 1.0M HCl at different temperature and fixed concentration of methanol extract. 
Temp. (oC) Inh. Conc. Ba(v/dec) Bc(v/dec) I Cor(Acm-2) RP(ohms) mm/y g/h/cm
2 E Cor. 
30 1g/L 0.145 0.171 5.36E-04 66.98 6.203 0.00056 -0.457 
40 1g/L 0.332 0.176 0.001 39.7 15.32 0.00138 -0.493 
50 1g/L 2.484 0.288 0.003 35.59 38.34 0.00345 -0.516 
60 1g/L 0.342 0.193 0.003 17.24 39.8 0.00358 -0.508 
 
3.4.3. Concentration Studies 
The polarization studies of mild steel were carried out in 
1.0 M HCl in the presence and absence of different 
concentration of methanol extract of Alchornea laxiflora 
leave at room temperature. The Tafel plot and the 
polarization parameters such as corrosion current densities 
(Icor), Corrosion potentials (Ecor), cathodic Tafel slope (βc), 
anodic Tafel slope (βa), polarization resistance (Rp), 
corrosion rate and the percentage inhibition efficiency ηT(%) 
calculated by using equation 1 during the dissolution of the 
mild steel in the acidic medium in the absence and presence 
of the plant extract are shown in Figure 7 and Table 4 
respectively. 
 
Figure 7. Polarization curve for mild steel in 1.0M HCl solution in the 
absence and presence of various concentration of methanol extract of air 
dried Alchornea laxiflora leaves. 
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  are the corrosion current densities 
without and with inhibitor, respectively. From the result 
there was a decrease in the corrosion current density as the 
concentration of the extract increases and a lowest value 
of Icor was observed for the inhibitor solution of 1.0g/L 
which exhibit a maximum inhibition value of 93.62%. 
Moreso the values of the polarization resistance of the 
mild steel increase with increase in concentration of the 
inhibitor. In electrochemical measurement, if the shift of 
Ecor is >85mV with respect to Ecor of uninhibited acid 
solution, then the inhibitor can be termed as cathodic or 
anodic inhibitor [45-47]. From this research, the maximum 
shift of Ecor is 80mV, which implies that the methanol 
extract of the air dried Alchornea laxiflora leaves acts as a 
mixed inhibitor for mild steel specimens in 1.0M HCl. 
Table 4. Corrosion parameters for mild steel in the absence and presence of different concentration of methanol extract of Alchornea laxiflora leave extract at 
room temperature. 
Conc. (g/L) Ba(v/dec) Bc(v/dec) Icor (A/cm2) PR(ohms) CR (mm/y) CR(g/h/cm) Ecor I.E (%) 
Blank 0.148 0.752 7.11 E-04 83.52 8.23 0.00074 0.462  - 
0.2 0.143 0.644 2.53 E-04 122.2 4.93 0.00044 0.462 64.41 
0.4 0.126 0.152 1.74 E-04 231.6 2.018 0.00018 0.444 75.53 
0.6 0.111 0.141 1.33 E-04 606.3 1.539 0.00014 0.423 81.29 
0.8 0.103 0.122 7.43 E-05 654.7 0.859 0.00008 0.404 89.55 
1.0 0.100 0.105 4.54 E-05 821.4 0.525 0.00003 0.382 93.62 
 
4. Conclusion 
The green inhibitor of air dried Alchornea laxiflora was 
extracted using methanol by maceration method. The mode 
of storage and the shelf life of the extract was studied using 
weight loss measurement and the effect of pH, temperature 
and concentration variation of the acidic medium on mild 
steel was carried using electrochemical measurement. The 
results obtained indicated that the methanol extract is most 
active when it was stored at room temperature and below. 
The shelf life study revealed that the extract exhibited a 
maximum inhibition within the sixty days of its production. 
The result of the pH, temperature and concentration variation 
of the acidic medium on mild steel revealed that the 
corrosion rate of the mild steel decreases with increase in pH, 
decrease in temperature and increase in concentration of the 
extract in acidic medium. 
5. Recommendations 
The use of methanol extract of Alchornea laxiflora leaves 
in Corrosion prevention should be encouraged by putting the 
following into consideration: 
Storing the extract at room temperature after its 
production. 
The extract is recommended for use within 60 days of its 
production. 
With respect to the results obtained during electrochemical 
measurement experiment, It’s recommended that the use of 
the extract in corrosion prevention, should be carried out at 
higher pH and lower temperature of the acidic media together 
with high concentration of the extract. 
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